Abstract-A concept of an experimental simulator for studying longitudinal magnetic waves in dielectric samples and its electrodynamic justification are presented. The simulator is intended to control impact power and frequencies of wave processes. The simulator is realized as a two-channel junction consisting of perpendicularly crossed infinite rectangular waveguides with slot coupling. The simulation process is based on cyclic mechanical displacements of dielectric samples along the longitudinal axis of the waveguide in a quasi-stationary magnetic field localized in the slot region.
INTRODUCTION
In recent years, an intensive growth of research interest has been observed in study of longitudinal electromagnetic waves with components of the electric E or H magnetic fields oriented in the wave propagation direction k [1] . Longitudinal electromagnetic waves are classified depending on mutual orientation of vectors E, H and k into four classes: electric waves ( E is parallel to k), magnetic waves ( H is parallel to k), torsional waves ( H is parallel to k, and a vortex E component is present), and Tesla waves ( E is parallel to k, and a vortex H component is present). As known, Maxwell's equations in the form proposed by Heaviside and Hertz [2] do not allow propagation of longitudinal waves in free space at large distances. Nevertheless, in complex and moving media, this possibility may exist within the framework of classical electrodynamics, e.g., [3] . However, in some composite media, surface waves can be observed in a near zone of radiators as longitudinal field components interpreted as damped longitudinal waves of a hybrid type [4] . Despite existing theoretical discrepancies, some devices, such as surface wave generators, transverse-to-longitudinal wave transducers, detectors, mixers, and power meters in different frequency ranges, have been developed [5] . Plasma devices, with radial currents, gas-discharge tubes, quarter-wave resonators, etc., can be used as generator elements. Longitudinal waves are usually registered by Schottky diodes, photographic materials protected by opaque screens, liquid crystal indicators, etc. In other words, these devices can be characterized by specific and rather complicated methods of their construction.
In addition to communication applications, longitudinal wave effects on dielectric and biochemical objects are important due to their specific properties and high penetrability. For example, studies of mutagenic and stimulating effects of longitudinal electromagnetic radiation on biological objects are important for medical applications [6] . Such studies require accurately monitoring the radiation power and fine frequency tuning of the wave process at sufficiently low frequencies commensurate with the natural frequencies of biologic objects. However, at present there are no experimental tools offering such a possibility. This article is aimed at the development of a concept and electrodynamic justification of a relatively simple experimental simulator intended for modelling propagation of longitudinal magnetic waves in dielectric samples. The simulator can control impact power and frequencies of wave processes in dielectric samples.
ELECTRODYAMIC ANALYSIS OF THE BASIC WAVEGUIDE DEVICE
Let us consider a junction of two crossed infinite rectangular waveguides with perfectly conducting walls coupling trough a narrow transverse slot ( Fig. 1(a) Since the coordinate along longitudinal axis of the upper waveguide isx 0 = a 1 /2, the waveguide mode becomes evanescent, i.e., the slot does not excite propagating waves, and the microwave power concentrates in the region limited by the slot. Earlier, a similar junction mode was considered based on mathematical modeling [7] . It was shown that at x 0 = a/2, the maximum power transfer from the lower to the upper waveguide can be achieved when the distance z 0 (measured along axis z as shown in Fig. 1 ) between the longitudinal slot axis and left boundary of the insert is close to d/2. If the insert length is large, the maximum power transfer is obtained under condition that z 0 is a multiple of λ ε g /2 (λ ε g is wavelength in the lower waveguide completely filled with a dielectric). In this case, the longitudinal dimension of the insert, c, should be multiple of an odd number of λ ε g /4. It was also shown that the power transmission level from the lower to upper waveguide in the range of 0 ≤ |S e | 2 ≤ 0.84 can be achieved by varying the insert permittivity.
The |S e | 2 value can also be controlled by an asymmetrical thin impedance vibrator located parallel to the narrow walls in the lower waveguide [8] . The structure is shown in Fig. 1(b) . If the vibrator radius r and length 2L v satisfy the inequality [r/(2L v )]
1 and x 01 = a/2, the maximal radiation coefficient of the slot can be achieved if the vibrator inductive impedance varies along its axis. In this case, the intrinsic resonant wavelengths of the slot and vibrator should differ at about 20%. The mutual influence between the elements of the vibrator-slot structure is manifested if the vibrator is placed along the longitudinal axis of the waveguide at the distance z 0 , which is multiples of λ G /4 (λ G is the resonant wavelength of the slot in the waveguide). The maximal radiation coefficient of the slot is achieved if displacement z 0 is multiples of λ G /2.
For any type of the junction control element, the magnetic field in the upper waveguide can be obtained based on the representation of the electric field on the upper surface of the resonant slot using an equivalent longitudinal magnetic current [9] 
where J m 0 is the complex amplitude; Φ (x,ȳ) is a predefined function; the parameter q = π/(2l). Using the well-known relations for the Hertz vector and the magnetic tensor Green's function [9] , we can obtain expressions for electric Ē and magnetic H fields in the waveguide, which can be characterized by an interesting feature: the transverse components of the Ē and H fields corresponding to the mode m = n = 0 (m, n are indices of the Green's function presented in the form of a double sum) are everywhere equal to zero. Therefore, only the longitudinal componentHz 00 is nonzero in the slot region, where it turns out to be purely reactive. Hence,
where ωμ = 120πk and k = 2π/λ is the wave number in the upper waveguide.
The analysis of expression (2) show that the magnetic fieldHz 00 has a quasi-static character and can be presented in the slot region 0 ≤z ≤ 2l by standing wave, expressed by a half-wave cosine curve. The importance of this component for modeling the radiation field by longitudinal slots was justified for the first time in [10] .
Thus, we can state that a localized quasi-stationary magnetic field represented by a standing wave in the region of the coupling slot is excited in the upper waveguide of the cruciform waveguide junction. The field magnitude can be controlled by the element located in the lower waveguide. The required slot length depends on the operating wavelength and the electrical parameters of the waveguide junctions in the centimeter or decimeter wavelength range.
SIMULATION OF LONGITUDINAL MAGNETIC WAVE PROPAGATION
Analysis of the basic waveguide junction is presented for the hollow upper waveguide. It is self-evident that the results remain physically correct when the upper waveguide is filled with a homogeneous nonmagnetic dielectric with permeability ε, since the amplitude of the quasi-stationary fieldHz 00 in Eq. (2) does not depend on the material parameter. Then we can assume that the cross-sections of the dielectric bar and upper waveguide coincide, and the bar can move along the waveguide longitudinal axis with small velocity v as compared with light velocity and relaxation rates of dielectric atoms and molecules (Fig. 2) . Then, a flat layer of the dielectric bar located under the slot at the positionz = 0 at the time t = 0 (Fig. 2) interacts with the magnetic field characterized by a time-varying amplitudē
at the time interval 0 ≤ t ≤ 2l/v during which the insert is moving through the slot region. If at the time Δt = 2l/v dielectric bar starts moving in the opposite direction at the same speed, the layer of the sample interacts with the magnetic field
at the time interval 0 ≤ t ≤ 4l/v until the bar returns to its initial position. Thus, the periodic displacement of the dielectric bar produces electrodynamic conditions corresponding to the effect created by a longitudinal magnetic wave with a frequency ν = l πΔt . Thus, the frequency and time parameter Δt of the simulated wave process can be controlled by varying the velocity of the dielectric sample.
To ensure simulation of the wave process in any cross section of the dielectric sample, occupying the waveguide region above the slot, the basic design of the waveguide device should be modified as follows. Let two identical waveguides be coupled with common waveguide arm with the moving dielectric bar through two identical slots cut in the lower and upper waveguides, I and II, as shown in Fig. 3 . The lower and upper slots are aligned in the planez = 2l to ensure the continuity of the distribution of the quasi-stationary magnetic fieldHz 00 , which in the waveguide region 0 ≤z ≤ 4l consists of the two standing half-waves. It is easy to verify that such a magnetic field structure can be applied to simulation of wave processes at an arbitrary point in any cross-section of the dielectric sample. It should be noted that the coupling slots of the proposed waveguide device with two independent inputs do not interact with each other over higher waveguide modes. Thus, the waveguide inputs do not require any additional tuning when they are used together.
CONCLUSION
The concept of the simulator intended for studying propagation of longitudinal magnetic waves in homogeneous dielectric samples is developed. Simulation of the wave process is carried out by mechanical displacement of the dielectric sample in the quasi-stationary magnetic field concentrated in the finite segment of the rectangular waveguide. The magnetic field with required structure is formed by two coupling slots cut in the waveguide arms of the two-channel junction consisting of perpendicularly crossed rectangular waveguides. The proposed waveguide device with the two identical excitation ports can form a quasi-stationary magnetic field based on the electrodynamic approach at any operating wavelength in centimeter or decimeter wavelengths.
A distinctive feature of the concept is the separation of two problems: the electrodynamic formation of the quasi-stationary magnetic field and simulating the wave process by cyclic displacement of the dielectric sample inside the waveguide by a mechanical method. This approach allows us to control the field power in the sample and the frequency of the simulated wave process. Of course, the mechanical control limits simulating the wave process at upper frequencies. However, this limitation can be overcome by modifying the electrodynamic device intended for the magnetic field forming.
